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Abstract

Background and Objective

Lung cancer is the most common malignant tumor and the leading cause of
cancer-relatedmortality worldwide. Non-small cell lung cancer (NSCLC) is the most
common type of lungcancer. Resistance of NSCLC cells to apoptosis is a major
obstacle in anticancer treatment. Accordingly,current researches focus on the
development of innovative compounds that promotethe apoptosis of therapy-resistant
NSCLC cells. Dihydroartemisinin (DHA) is an important derivativeof Artemisinin, a
natural product isolated from Chinese medicinal herb Artemisiaannua L. (qinghao).
As a very potent anti-malarial drug, DHA has been wused as first-line
therapeuticsagainst malaria falciparum worldwide. Recently, studies have shown that
DHA has profoundeffect against breast cancer , papillomavirus-expressing cervical
cancer, livercancer and pancreatic cancer. Additionally, DHA has been shown to exert
anticancer effectsby induction of apoptosis without obvious side effects in lung
carcinomas. Moreover,ionizing radiation potentiates DHA-induced NSCLC cells
apoptosis. Apart from its prominentpro-apoptotic effect, DHA affects cancer cell
functions, including tumor cell proliferation, angiogenesis, and immune regulation.
However, the exact molecular mechanisms of DHA anticancer effects remain to be
fully investigated.This remarkable metabolic reprogramming, known as the Warburg
effect , provides cancer cells an advantage to grow even in regions with hypoxia.
Therefore, the especial dependence of cancer cells on glycolysis makes them
vulnerable to therapeutic intervention with specific glycolysis target inhibitors. The
glycolytic inhibitor 2-Deoxy-D-glucose (2DQ), targeting hexokinase which is the
entry-point enzyme for glycolysis , has been studied as a promising therapeutic
compound that targets metabolic alterations of tumor cells. Some pieces of evidences
suggest that targeting glycolysis could be a good strategy against NSCLC. These
NSCLC cells treated with glycolysis inhibitor 2DG display mitochondrial
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respiratorydefectsand increased apoptosis. We took Non small cell lung cancer cell
A549,PC-9 as our research subjects and observed the role and mechanism of
Dihydroartemisinin in the Development of Non-Small Cell Lung Carcinoma.
Experimental methods

1. Measurements of cell viability by MTT

2. Measurements of hyperplasia by clonogenic cell survival

Measurements of apoptosis rate by flow cytometry

> »

Measurements of glucose levels by automatic analyzer

Measurements of lactate production of cells in the media by Lactate Assay Kit
Measurements of Cell ATP content by ATP Assay Kit

Western blot analysis protein

Measurements of Caspase activity by VersaFluor Fluorometer

° o 2w

Measurement of intracellular ROS generation by flow cytometry
Experimental results

1. DHA inhibits cell viability in NSCLC cells

2. DHA inhibits cell colony formation in NSCLC cells

3. DHA induces apoptosis in NSCLC cells

4. DHA decreases glucose uptake in NSCLC cells

5. DHA decreases the level of glycolytic metabolism in NSCLC cells

6. DHA-suppressed glycolytic metabolism is associated with inhibition of mTOR
activation and GLUT1 expression

7. Upregulated mTOR activation increases the level of glycolytic metabolism and
cell viability inhibited by DHA

8. Overexpression of GLUT1 inhibits cell death triggered by DHA

9. Glucose prevents DHA-induced cytotoxicity in NSCLC cells

10. DHA combined with the glycolysis inhibitor decreases cell viability and induces
apoptosis in NSCLC cells

11. DHA plus 2DG induces apoptosis via both extrinsic and intrinsic apoptosis
pathways in NSCLC cells

Conclusions

XI
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Our study showed that DHA decreased cell viability and colony formation, induced
apoptosis in A549 and PC-9 cells. Additionally, we first revealed DHA inhibited
glucose uptake in NSCLC cells. Moreover, glycolytic metabolism was attenuated by
DHA, including inhibition of ATP and lactate production. Consequently, we
demonstrated that the phosphorylated forms of both S6 ribosomal protein and
mechanistic target of rapamycin (mTOR), andGLUTT levels were abrogated by DHA
treatment in NSCLC cells. Furthermore, the upregulation of mTOR activation by high
expressed Rheb increased the level of glycolytic metabolism and cell viability
inhibited by DHA. These results suggested that DHA-suppressed glycolytic
metabolism might be associated with mTOR activation and GLUTI
expression.Besides, we showed GLUTI1 overexpression significantly attenuated
DHA-triggered NSCLC cells apoptosis. Notably, DHA synergized with
2-Deoxy-D-glucose (2DG, a glycolysis inhibitor) to reduce cell viability and increase
cell apoptosis in A549 and PC-9 cells. However,the combination of the two
compounds displayed minimal toxicity to WI-38 cells, a normal lung fibroblast cell
line. More importantly, 2DG synergistically potentiated DHAinduced activation of
caspase-9, -8 and -3, as well as the levels of both cytochrome ¢ and AIF of cytoplasm.
However, 2DG failed to increase the reactive oxygen species (ROS) level selicited by
DHA. Overall, the data shown above indicated DHA plus 2DG induced apoptosis was
involved in both extrinsic and intrinsic apoptosis pathways in NSCLC cells.

Keywords: Dihydroartemisinin; cell apoptosis; NSCLC
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